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Abstract
Automated driving technologies are currently penetrating the market, and the coming 
fully autonomous cars will have far-reaching, yet largely unknown, implications. A critical 
unknown is the impact on traveler behavior, which in turn impacts sustainability, the econ-
omy, and wellbeing. Most behavioral studies, to date, either focus on safety and human fac-
tors (driving simulators; test beds), assume travel behavior implications (microsimulators; 
network analysis), or ask about hypothetical scenarios that are unfamiliar to the subjects 
(stated preference studies). Here we present a different approach, which is to use a natu-
ralistic experiment to project people into a world of self-driving cars. We mimic potential 
life with a privately-owned self-driving vehicle by providing 60 h of free chauffeur service 
for each participating household for use within a 7-day period. We seek to understand the 
changes in travel behavior as the subjects adjust their travel and activities during the chauf-
feur week when, as in a self-driving vehicle, they are explicitly relieved of the driving task. 
In this first pilot application, our sample consisted of 13 subjects from the San Francisco 
Bay area, drawn from three cohorts: millennials, families, and retirees. We tracked each 
subject’s travel for 3 weeks (the chauffeur week, 1 week before and 1 week after) and con-
ducted surveys and interviews. During the chauffeur week, we observed sizable increases 
in vehicle-miles traveled and number of trips, with a more pronounced increase in trips 
made in the evening and for longer distances and a substantial proportion of “zero-occu-
pancy” vehicle-miles traveled.
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Introduction

“Every new transportation technology affects the geography of communities and the 
structure of people’s lives. Self-driving cars is such a technology. Just like freeways 
shaped past cities and lifestyles, self-driving vehicles will remake the metropolis once 
again” (Walters and Calthorpe 2017). While the date of market entry of fully self-driv-
ing cars that do not require human backup is uncertain, the reality is not. More and 
more automated features are being introduced into new vehicles currently on the market, 
self-driving cars are operating on our roads with a human backup, and fully self-driv-
ing vehicles (sans human backup) are operating under controlled environments. Tesla 
reports 780 million miles have been driven using its Autopilot; Uber and Volvo have 
shared, self-driving cars deployed in Pittsburg; and Waymo is now operating self-driv-
ing minivans in a suburb of Phoenix without a human backup. Governments in the US 
and around the world are racing to develop the necessary legislation that embraces the 
technology while ensuring the safety of its citizens, and planning agencies are strug-
gling to update policies and plans to best realize a future with self-driving cars.

There is much speculation regarding the impact of self-driving cars on the transport 
system. On one hand, the improvements in safety and efficiency are thought by many 
to be the answer to our transportation problems, with most images of self-driving car 
futures implying safe and freely flowing roadways. However, others project a dysto-
pian future where the efficiency improvements, while real, are not enough to counteract 
the trends of increasing population, increasing urbanization, increasing vehicle-miles 
traveled per capita, and induced demand. Many believe the key to a utopian future is 
a shared, self-driving fleet. Each of these futures is purely speculative. While it is not 
certain which future beckons, there is certainty that human behavior will be central to 
determining the outcome. And, yet, little is known about how travel will change with 
self-driving cars.

The literature distinguishes between different levels of vehicle automation. Here we 
are focused on understanding traveler behavior implications for full automation, where 
vehicles can operate without any human intervention and without a human in the vehi-
cle. This stage has the potential for the most radical traveler behavior changes, and these 
implications are the least understood today. The introduction of self-driving cars is 
expected to catalyze changes in travel behavior, activity participation, and land use. It 
is hypothesized to affect the value of travel time (e.g., via increased comfort and mul-
titasking) and therefore the amount of travel. It likely will affect the quantity and type 
of vehicle purchases as well as the related decisions of whether to own a vehicle or opt 
for models of shared ownership. In the long run, it can affect decisions such as where to 
live and work, thereby impacting land-use.

It is difficult to predict the future of mobility after the adoption of self-driving vehi-
cles for the simple reason that they do not currently exist. However, it is possible to pro-
ject people into a world that includes some of the more salient features of self-driving 
cars. The biggest difference in using a self-driving car, and arguably the feature that will 
cause the most change in travel behavior, is not having to be behind the wheel person-
ally driving the car or even to be in the car at all as it travels from one place to another. 
This feature relieves people from the duty of paying attention to the road, allowing them 
to make better use of their in-vehicle time. Moreover, it permits sending empty cars 
(zero-occupancy vehicles or ghost cars) on errands like charging the car, picking up a 
pizza, or dropping off laundry. Finally, it opens up a major new option for individuals 
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with disabilities, individuals without a driver’s license, and elderly who can no longer 
drive or are not confident anymore in their driving ability and reaction time.

Here, we implement via the use of personal chauffeurs a naturalistic experiment that 
aims to create familiarity with this coming technology that, until a few years ago, lay in the 
realm of science fiction. Our objective in providing subjects with a personal chauffeur is 
that we are essentially providing the “software” of a self-driving car, relieving them from 
the duty of personally driving the car or physically being in the car when the car is making 
trips. This enables people to experience and act directly on how their travel and activities 
may change if they were to own a self-driving car,1 and it allows us to study such poten-
tial shifts. We present in this paper results from a beta-test of 13 San Francisco Bay Area 
households.

Literature review

Three main approaches are currently being used to gain insight into the potential impacts 
of self-driving cars: driving simulators and controlled testbeds, stated preference studies, 
and simulation based/scenario analysis studies.

Driving simulators and controlled test beds are extremely useful for studying safety and 
human factors issues associated with a given trip. For example, Jamson et al. (2013) exam-
ined multitasking behaviors and fatigue via a driving simulator. However, they are not as 
useful for investigating impacts on travel and activity behaviors.

Stated preference studies ask subjects to imagine how they would feel toward, pay for, 
and use automated vehicles in a hypothetical scenario. For example, Cyganski et al. (2015) 
and Schoettle and Sivak (2014) examined multitasking intention; Bansal and Kockel-
man (2016), Milakis et al. (2015), and Zmud and Sener (2017) examined a host of issues 
regarding autonomous vehicles, including willingness to pay for automation, mode choice, 
auto ownership, potential to adopt shared autonomous vehicles, and intention to move; and 
using a discrete choice framework, Daziano et al. (2017) performed an in-depth analysis of 
willingness to pay for autonomous features, Lavieri et al. (2017) studied adoption and use 
of the technology, Kolarova et al. (2018) studied the change in value of in vehicle travel 
time, and Felix and Kay (2017) studied for which types of trips and purposes people will 
use automated vehicles. While a valuable technique, particularly to gain initial insight, it is 
problematic to employ in situations where the context is too far from situations in which 
the subjects have placed themselves or could consider placing themselves. This is precisely 
the situation with self-driving cars.

Research using agent-based micro simulators (e.g., large-scale urban travel demand 
models) and network analysis (e.g., optimizing over the number of vehicles needed to 
serve a given demand) are particularly relevant to our study, as this literature includes pre-
dictions of the magnitude of the vehicle-miles traveled (VMT) increase induced by self-
driving cars. Because the behavioral impacts of autonomous vehicles are currently largely 
unknown, such studies have thus far assumed the travel behavior response either by assum-
ing a fixed demand or making assumptions regarding parameters in a travel demand model. 
For example, Fagnant and Kockelman (2014) generated demand from a trip-based model 

1  A complement to our experiment would be to investigate the travel behavior impacts if people were to 
make use of a shared fleet of self-driving vehicles (rather than private ownership), and this is left for future 
research.
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under current behavioral conditions, and then performed a network analysis to see how this 
demand could be served by a shared, self-driving fleet. Their simulation results indicate 
that the number of cars necessary to serve the demand is drastically reduced (to about 10%) 
but that the relocation of vehicles between trips leads to a 10% increase in VMT. Schoettle 
and Sivak (2015) simulated self-driving car scenarios using NHTS travel diary data, where 
they assumed that a single household vehicle could shuttle between trips made by multiple 
household members. They found that in the most extreme cases the ability of the car to 
autonomously return home would result in a 75% increase in VMT.

Rather than focusing on fixed/current demand, another line of research has modified 
existing travel demand models to reflect potential behavioral and system changes. Childress 
et al. (2015) modified the PSRC (Seattle) activity-based model to study the impact of pri-
vately owned self-driving cars under different scenarios. Their four scenarios were based 
on assumptions of reduced parking costs, increased operating costs, decreased value of 
time, and increased network capacity. Their results varied across scenarios with increases 
in VMT ranging from 4 to 20%. Fehr & Peers (Biersted et al. 2014) also studied the impact 
of personal self-driving cars on VMT. After making assumptions on market penetration of 
the technology, level of service of transit, vehicle cost, and highway capacity increase, the 
results indicate that with a 50% market penetration, private self-driving cars will result in 
a 5% to a 20% increase in VMT, and this number rises to 35% with full market saturation. 
Both PSRC and Fehr & Peers assume fairly marginal impacts on travel behavior in that 
the basic decision protocols and transport system are fairly consistent with the status quo. 
The International Transport Forum (2015), in their analysis in Lisbon, pushed the status 
quo farther in terms of the behavioral assumptions and the transport system configuration. 
They made assumptions on the demand for the technology, the quality of service of public 
transit, the trip generation process, parking, car sizes, and the market penetration of the 
technology. Their results vary by scenario, with their most extreme outcome arising from 
the case of 50% market penetration of single-passenger self-driving taxis, which leads to a 
VMT increase of 90%.

These examples illustrate the extent of the assumptions necessary to run these simula-
tions and the wide discrepancy across the literature of the predicted increase in VMT: from 
a low of 4% to a high of 90%. Further, key assumptions regarding the travel and activity 
behavior modifications are largely unknown and untested. Notably, Childress et al. (2015) 
point out that “this behavior (decrease of VOT), of course, has not been revealed or even 
stated by drivers, and at this point is speculation based on other modes of transport.” Our 
objective with this experiment is to provide more directly revealed evidence regarding the 
potential travel behavior impacts of self-driving vehicles to inform the otherwise untested 
assumptions of future studies.

Experimental design

The key components and flow of the experiment are presented in Fig. 1. First, both subjects 
and chauffeurs were recruited and onboarded. Next came the heart of the experiment: the 
3 weeks of tracked travel, with the chauffeur intervention occurring in the middle week. 
The literature (Gertler et al. 2011) suggests that such a 3-week format, particularly when 
occurring over a relatively short time period, allows us to treat the two status quo weeks as 
a control for the treatment week. An online survey was administered before and after the 
three travel weeks. Each of these components is described in more detail below.
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Subject recruitment and on boarding

Our objective was to recruit a sample that would be illustrative (albeit not necessarily rep-
resentative) of people who would potentially own self-driving cars. Given resource con-
straints, we chose to target three different cohorts that represent distinct lifecycle stages: 
Millennials, Families, and Retirees. We hypothesized that the impact of self-driving vehi-
cles may vary across the cohorts as they have markedly different lifestyles. For example, 
Millennials may rely more on ride-hailing services than other generations. For Retirees, 
time of day and trip length may be relatively more important factors. For Families, kids 
and their activities are often a priority.

We recruited subjects via a number of channels. We posted advertisements to a UC 
Berkeley Facebook group, a Nextdoor neighborhood social network, and a retirement com-
munity newsletter. We also recruited via word of mouth from our research group and our 
subjects. Subjects who responded to our recruitment were screened to ensure that they met 
all of the following criteria:

•	 Be 18 years or older,
•	 Live within the 9-county San Francisco Bay Area,
•	 Possess a current driver’s license and currently drive,
•	 Own a private car and don’t currently use a chauffeur, and
•	 Possess a mobile phone with location services.

For subjects who met the criteria, we started the onboarding process. We continued recruit-
ing until we reached our target number of 4 subjects within each cohort (and we ended 
up with 5 retirees). A key to the success of the experiment is that the subject understands 
what a self-driving car is and its potential benefits, and how a personal chauffeur simulates 
these. For this purpose, subjects took part in a 30–60 min one-on-one entrance interview 
via telephone. The household member who participated in this interview is deemed the 
“primary subject.” The primary subjects were informed about the experiment. They were 
given information on self-driving cars, and they were informed of the potential errands that 
the technology will be able to run and that the chauffeur will be able to run these errands 
for them as well. The aim of the interviews was also to have subjects in a futuristic mindset 
before they are provided with the service, potentially minimizing the time it takes subjects 
to get used to their new “self-driving car.” We also requested that other adult household 
members formally participate in the experiment so that we could collect survey data from 
them and track their movements, although this wasn’t required.

The subjects were asked to choose a typical 3-week period void of special events such 
as holidays or travel. They were instructed to choose only one vehicle in the household to 
be used by the chauffeur and not have the chauffeur jump between multiple vehicles. This 
vehicle is deemed the “primary vehicle.” Further, they were allowed to loan the service to 

Fig. 1   Flow of experiment and primary data collected
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friends or family, but if doing so, they had to loan the primary vehicle along with the chauf-
feur. While our experiment does not consider the additional purchase price of a self-driving 
car, the subjects are covering the full operating costs of their vehicles which is the relevant 
(marginal) cost considered in personal travel decisions once the vehicle is purchased.

Chauffeur recruitment and on boarding

Different chauffeur solutions were investigated, and the decision was to use a designated 
driver service that provides chauffeurs for hire using customer-owned vehicles (Dryver). A 
unique relationship with the company was established to ensure it could accommodate our 
experiment. The advantages of our chauffeur service include the use of the subject’s car 
(reducing the costs of the experiment and making costs and the experience more realistic 
for the subject) and the liability being covered by the company rather than the research 
team, which eased the approval process from UC Berkeley. Similar to the subjects, chauf-
feurs took part in a one-on-one entrance interview where they were instructed about the 
experiment they would be participating in, as well as the technology and all its features that 
they would be simulating. The chauffeur was with the owner’s vehicle at all times during 
the 60 allocated hours and served at the beck and call of the owner. The cost of the chauf-
feur service totaled roughly $1250 per household.

Data collection: tracking

All primary subjects and other household members taking part in the study installed a 
tracking app on their smartphone (Moves). The app uses the phone’s GPS to passively and 
continuously record all trips, and distinguishes between ones made by active modes (walk 
and bike) and by “transport” modes (personal car, transit, Uber/Lyft, friend’s car, etc.) 
without any input from the subject.

A vehicle tracking device (Automatic) was installed in the on-board diagnostic (OBD) 
port of the primary (i.e., chauffeur) vehicle. The device cost $150, raising the total per 
household cost to $1400. The vehicle tracker collects data on the origin and destination, 
timing, and route of each trip. It consistently and continuously records and stores the data, 
ensuring no loss in data throughout the 3-week period.

Participating subjects were also asked to complete a log sheet to note any trips made 
by any form of public transit or by a non-personal vehicle (Uber/Lyft, friend’s car, etc.) to 
compensate for the limitations of the smartphone tracking app. Similarly, chauffeurs were 
asked to fill out a log sheet to track the number of people in the car and who was being 
chauffeured (the owner, a friend, a family member, zero-occupancy trip, etc.).

Finally, data from all these sources were joined to form a single data set that includes all 
trips made by the primary subject (including trips made by modes other than the personal 
vehicle) and all trips made by the primary vehicle (regardless of who is in the car).

Methods of tracking and trip logging were systematic and consistent throughout the 3 
weeks and for all 13 subjects.

Data collection: surveys

All primary subjects as well as other adult household members formally taking part in 
the study first took an online entrance survey that collected information on demographics, 
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typical travel patterns, well-being, and knowledge of self-driving cars and attitudes toward 
the technology. They also completed an exit survey, which was similar to the entrance sur-
vey and included an extra section that asked subjects about their experience with the simu-
lated self-driving car experience.

Results

We report results from the 13 primary subjects (1 per participating household), excluding 
any other participating family members from this analysis as their participation was not 
consistent across the households. While admittedly a small sample, we present what we 
believe are the first results from an experiment aimed at capturing the impact of self-driv-
ing vehicles on activity and travel in a naturalistic setting. Further, this serves as a beta test 
for a larger experiment (currently in preparation), and the small sample has the advantage 
of being able to supplement the quantitative data with personal interactions with each sub-
ject. Our first subjects started the experiment on May 29, 2017, completing the experiment 
3 weeks later. By August 7, 2017, all subjects had finished the experiment.

Subject socio‑demographics

The beta test sample turned out to be diverse in some aspects but homogeneous in oth-
ers. The participants collectively represented both genders (5 males and 8 females), differ-
ent ages (from 19 to 78) and cohorts (millennials, families, retirees), several income levels 
(from < $25 K to $200 K+), and different household sizes (from 1 to 5) and relationship 
statuses. However, the level of education was homogeneous with almost all subjects hav-
ing at least some level of college education, and most with a college degree. This is not too 
surprising given that our recruitment effort reached a relatively wealthy retirement com-
munity, a relatively wealthy neighborhood in the San Francisco bay area, and UC Berkeley 
affiliates. The average age of the millennials was 22, the average age of the families was 38, 
and the average age of the retirees was 73. Two families had minors in their household, one 
family had a college-student child with her own vehicle, and the other family was a couple 
sharing one household vehicle. Four of the retirees were single females, and one was a 
couple. As for the millennials, three of them were single, and one often carpooled with her 
boyfriend.

Impacts on travel behavior

Here we present the key findings regarding how the self-driving car simulation experiment 
impacted travel and activity behavior in our sample. The results are plotted in Figs. 2 and 
3. Figure 2 presents more detailed VMT results for all 13 primary subjects (in no particular 
order) to provide a sense for each individual in the sample. In this figure, we focus on the 
VMT of the primary vehicle (whether or not the primary subject was in the car) in combi-
nation with the VMT of the primary subject (whether or not via the primary vehicle). The 
VMT is broken down into three components: (1) VMT by the primary subject, whether 
in the primary vehicle or not (although nearly all travel by the primary subject was in the 
primary vehicle throughout the full 3 weeks); (2) VMT of the primary vehicle when it was 
driven without the primary subject but with some other non-chauffeur person (e.g., a friend 
or a family member), and (3) VMT when the chauffeur vehicle was traveling with only 
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the chauffeur (i.e., a zero-occupancy trip in a self-driving world). Figure  3 summarizes 
the impacts on a number of key travel dimensions for each cohort and for the sample as 
a whole. As can be seen in both figures, the two control weeks are fairly similar to each 
other and distinctly different than the chauffeur week. Accordingly, we focus the analysis 
on comparing the chauffeur week to the average of the pre-chauffeur and post-chauffeur 
weeks. The key findings are described below. 

Finding 1  VMT increased for 85% of the subjects (by amounts ranging from 4% to 341%), 
and the total VMT from the sample increased by 83% overall.

As shown in Fig. 2, while total VMT decreased slightly during the chauffeur week for 
the first subject, and hardly changed (on average) for the second subject, the remaining 11 
subjects increased their auto travel. The increases in total VMT during the chauffeur week 
ranged from a low of 4% for one of the Millennials (from 532 to 554 miles) to a high of 
341% for one of the Retirees (from 117 to 516 miles), with an overall increase of 83% for 
the entire sample (from 3344 to 6118 miles).

Our entry and exit surveys provide further insight into these VMT shifts. We asked a 
wide array of questions to assess views and attitudes toward self-driving vehicles. The 
responses from the entry survey suggested that subjects would most likely travel more 
during the chauffeur week. Factors leading to more travel that were ranked most influ-
ential by the subjects were: (1) productivity, i.e., people will be able to multitask and 
make use of their travel time as well as enjoy their commute, (2) zero-occupancy vehi-
cles, i.e., people will be able to send cars out on errands like picking up the groceries, 
parking, or refueling without having to be present in the car, and (3) convenience, i.e., 

Fig. 2   VMT reported for all primary subjects over each of the 3 weeks
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people will not have to drive and accordingly they are willing to travel on longer leisure 
trips, or even if under the influence of alcohol and at night when they would be too tired 
or sleepy to drive themselves.

Fig. 3   Shifts in weekly travel and activity patterns for the three cohorts
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Our entry and exit interviews also provide further insight. For example, during the recruit-
ment interview, one of the Retirees said that she thought she would not make a good study 
subject because she spends most of her time inside the neighborhood making short trips. How-
ever, when provided with the chauffeur, she increased her auto travel more than three folds. In 
the exit interview, this subject initially indicated that it was the “novelty” factor that led to such 
an increase—“I had a chauffeur so I wanted to use it!” However, she followed by saying that 
with the chauffeur she was able to take longer trips that she had been wanting to take for some 
time but had not done so when she had to drive herself. So, while there was a novelty factor, 
there was also the release of latent demand related to lowering the burden of driving.

Finding 2  All subjects sent the car off without them either for errands and/or to escort 
family/friends, which made up 34% of the total induced VMT; 61% of which was “zero-
occupancy” miles (i.e., errands).

At some point during the chauffeur week, all 13 of our subjects sent their “self-driving 
car” out on errands, with some subjects doing it more frequently than others. There was a 
wide range of trip purposes, including looking for parking after being dropped off at a des-
tination, sending the car home to wait to be called for pickup, picking up the laundry or a 
meal, and picking up friends and family while the primary subject was at work or at home. 
For one Millennial (a single female) and one Family (a family with two minor children), 
a substantial portion of the induced VMT was from trips taken while the primary subject 
was not in the car. For the Millennial, running errands (zero-occupancy vehicle) and loan-
ing the car to friends make up 48% and 21% of the induced demand, respectively. For the 
Family, running errands and driving the kids around without a parent make up 22% and 
69% of the increase in VMT, respectively. Looking at the entire sample, sending the car off 
without the primary subject (the two lighter colors in Fig. 2) accounted for 34% of the total 
increase in VMT (i.e., 943 of the 2277 miles induced), 61% of which occurred with only 
the chauffeur in the vehicle (i.e., 582 of the 943 miles). Confirmation via the exit inter-
views indicated that most (if not all) of this extra VMT was not simply shifted from another 
vehicle (either within or outside the household) but indeed induced VMT.

Finding 3  Activity patterns changed, with people taking more vehicle  trips (on average 
58% more), traveling more in the evenings (on average 88% more trips after 6 pm), and 
taking longer trips (on average 91% more trips longer than 20 miles).

The increase in VMT partially results from Finding 2 above, but also results from a shift 
in activity patterns as summarized in Fig. 3. Overall, 58% more vehicle  trips were taken 
in the chauffeur week (Fig. 3b). Further, there was a 91% increase in trips longer than 20 
miles (Fig. 3c) and 88% more trips taken in the evening after 6 PM (Fig. 3d).

The entrance survey provides more insight into these changes. Related to driving at 
night, 11 subjects indicated that once they own a self-driving car, they are more likely 
to participate in more leisure activities after dark because they would not need to drive 
themselves, and 12 subjects indicated that they would travel more even when they are 
tired. Moreover, 3 subjects, one from each cohort, indicated that they have a physical 
condition or anxiety which prevents them from traveling or limits how long they can 
travel at night. Related to the distance of trips, 11 subjects agreed that they would be 
more comfortable if they did not have to do the driving, and 12 subjects agreed that they 
would travel to more distant leisure activities once they own a self-driving car. While 
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increasing the ease of auto travel is hypothesized to impact people’s residential choice 
in the future, only two of our subjects indicated in their exit survey that they believe 
self-driving cars will result in the relocation of their residence.

Finding 4  The Impact on walking was not clearly directional, with 30% of subjects 
decreasing their walking (on average by 31% of miles walked) and 70% of subjects increas-
ing their walking (on average by 37% of miles walked).

Figure 3e presents the change in miles traveled by walking during the non-chauffeur ver-
sus chauffeur weeks as calculated via the smartphone tracking app. (The results are for 10 
subjects since the smartphone app did not work for three of the subjects). It is interesting 
that this is the only result we have thus far uncovered that is not clearly directional. In this 
case, 7 subjects increased their walking distance during the chauffeur week, ranging from 
a 10% to an 80% increase; while 3 subjects, one from each cohort, decreased their walking, 
ranging from a 28% to a 32% decrease. Further, this statistic showed the greatest variability 
between the two non-chauffeur weeks. The decrease in walking is hypothesized to be due 
to replacing walking trips with driving trips and also the pick-up/drop-off feature of not 
having to walk to access the car. On the other hand, the increase in walking is hypothesized 
to be due to the more active lifestyle that the self-driving car enabled as represented by the 
increase in vehicle trips. In our entry survey, when subjects were asked if they are con-
cerned that self-driving cars will decrease the exercise they get from active transportation, 
only two agreed with this statement, while the rest either disagreed or strongly disagreed.

Finding 5  There were substantial differences across the cohorts.

While a small sample, it is still interesting to note the differences we observe across 
the three cohorts included in the study. The travel behaviors in the non-chauffeur weeks 
seem to follow expectations. The retirees drove the fewest miles, although they made 
a higher number of trips (and therefore shorter trips on average). The retirees traveled 
substantially less in the evening than the other two cohorts. The millennials traveled 
the most miles, including (by far) the most long trips. The millennials were also most 
active in terms of walking, followed by the retirees. The families fell in the middle on 
all measures except for walking, where they were the lowest.

As with the status quo behaviors, the relative impacts of the self-driving vehicles on the 
different cohorts are also not surprising. While the retirees traveled the least in terms of 
VMT, long trips, and evening trips in the non-chauffeur weeks, they increased the most on 
all three of these measures in percentage terms. Safety, as the retirees highlighted in their 
exit interview, is of major concern to this demographic as they no longer trust their driving 
skills as they did before, especially at night. For families, in particular the ones with minor 
children, the factor that influenced the change in travel behavior the most was the freedom 
the self-driving car gave the children, which made up a substantial share of the increased 
travel (Fig. 2). All cohorts, however, enjoyed the convenience of having someone else run 
errands for them while they conducted other activities. The Millennials, on average, had the 
largest increase in number of trips and were the only cohort, on average, to reduce walking.

Non‑finding  We cannot say much about mode choice, because our subjects made zero use 
of bicycles and hardly any use of public transit or transportation network companies (TNCs) 
during the three-week experiment and zero use of these modes during the chauffeur week.
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Significant discussion about self-driving cars is related to the potential impact of the 
technology on mode choice, potentially decreasing use of public transportation and 
of active modes (biking, walking) (Malokin et  al. 2015). We had hoped to provide such 
insight from our study. Unfortunately, the subjects we recruited were heavily auto-oriented, 
and thus we were not able to examine such impacts because the use of non-private auto 
modes (other than walking) was almost non-existent in our sample. We were also hoping to 
get information on substitution with TNC use (Uber/Lyft) as our subjects did report peri-
odically using such services, but we did not observe such use during our study period. This 
is not too surprising given the fact that owning a vehicle is a prerequisite to participate. Our 
entry survey confirmed the auto-orientation. When asked about the mode of transport used 
to get to work/school, all subjects with such a trip indicated they use some form of personal 
vehicle, either as a driver or a passenger. Moreover, in the entry survey, subjects were pre-
sented with scenarios (going to school/work, dinner with friends, grocery shopping, etc.) 
where they had to choose between public transit and a self-driving car, and they uniformly 
chose self-driving cars over public transit. Nevertheless, it is noteworthy that while there 
were a few transit trips recorded outside of the chauffeur week, there was zero use of public 
transit recorded during the chauffeur week.

Reflections on the experiment itself

A critical question is how successful this experiment was in how well it was able to mimic 
what life may be like with a self-driving car. To get at this, in the offboarding process we 
asked a number of specific questions in the survey, asked an open-ended question in the 
survey, and spoke directly with a number of the subjects.

When asked how much subjects agreed with the statement “the experiment closely rep-
licated life with a self-driving car,” four subjects agreed and one strongly agreed, while 
another four disagreed and two strongly disagreed, and one subject felt neutral. The use of 
the word “closely” may have been too strong as in our interviews with the subjects after the 
experiment, almost all subjects said that the experiment helped them get an idea of how life 
with a self-driving vehicle may change (or not change) their lives. Perhaps “reasonably” 
would have been a better word choice.

One of the main issues people had was regarding the chauffeur. The presence of a 
human in the car detracted from the feeling that it was a self-driving car. For example, 
some subjects felt guilty about sending the chauffeur on errands like taking care of their 
dirty laundry or having the chauffeur sit in the car doing nothing for long periods of time 
waiting for the next trip. Another chauffeur-related issue was that some subjects had mul-
tiple chauffeurs assigned during their chauffeur week, and there was an adjustment to each 
chauffeur. While the vast majority of our chauffeurs lived up to the “professional” claim of 
the driving service, there were issues with chauffeurs including reported aggressive driv-
ing, not showing up on time, and in one case causing a fender bender.

Another issue was the 60-h time budget. A self-driving car will be available 24/7 and 
not only 60 h a week. We asked the subjects to submit a plan to allocate their 60 h a week 
in advance so that we could schedule the chauffeurs. While they were able to make rela-
tively dynamic adjustments to the schedule (e.g., a few hours in advance), some reported 
that pre-planning their week took away the spontaneity that self-driving cars offer.

Finally, there was a novelty issue. Subjects felt that 1 week was not enough to really get 
into a routine and a lifestyle in which they owned a self-driving car. For some subjects, 
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although they already knew they could send the chauffeur on errands, it took them a couple 
of days to internalize the idea and actually do so.

With all these limitations, however, subjects still felt that they learned something from 
the experiment, and that they got a better sense of how their life might be once self-driving 
cars become available. In the exit survey, one Millennial summarized his experience as: 
“with all the limitations of the experiment, I definitely felt the benefits of a self-driving car. 
I noticed that I reach work less tired, I noticed that I can do work on my way back home 
and not worry much about traffic jams, and I noticed that my commute overall feels more 
pleasant.”

Another Millennial highlighted the multitasking potential: “A self-driving car would 
be super helpful for multitasking! I would use self-driving cars a lot more for thoughtless 
activities that don’t need me present. One thing that I noticed was that I was willing to use 
my car a lot more frequently to accommodate my friends and family. It also made going 
out and drinking a lot easier.”

In their exit survey, a Family mentioned what, to them, was the most important benefit 
of having the self-driving car: “I spend a lot of time in the car driving my kids around to 
activities. Having a self-driving car would enable me to spend more time on work and 
would afford my kids more freedom.”

Finally, a Retiree reported: “At my age, I am looking forward to the independence a 
self-driving car will provide as my driving skills decline. I believe self-driving cars will 
improve safety in driving, a real boon.”

Conclusion

Researchers seem to agree that self-driving cars will increase individual vehicle-miles 
traveled and change travel and activity patterns. However, the predicted magnitude of the 
VMT increase varies considerably and the ways in which people may change activities 
(number, location, duration, type, timing, etc.) are largely uncertain. Our objective was to 
provide insight into these questions by employing a naturalistic experiment to project peo-
ple into a futuristic environment via the use of chauffeurs. From the experiment, we are 
able to provide a new kind of data to shed light on these issues. While our sample is small, 
it represents real data from real people making adjustments in their everyday lives. We 
found an 83% overall increase in VMT. The number of long trips (> 20 miles) and trips 
after 6 pm increased by 91% and 88% respectively. Retirees were the cohort with the larg-
est increase in these two trip types (175% and 246% respectively). 21% of the increase 
in VMT was a result of “zero-occupancy” vehicles, where subjects sent their chauffeur 
on errands. For active transport, namely walking, there was a bidirectional impact in that 
30% of the sample reduced their walking and 70% increased their walking. Comparing 
the unique impact the chauffeur service had on the travel behavior of the different cohorts, 
we observe unsurprising differences. The retirees, for example, benefited from the ability 
to travel at night and on longer trips without having to worry about safety. For families, 
children were chauffeured to activities without their parents, giving the children more free-
dom to travel and the parents more time to focus on other activities. These results provide 
new insight to the growing body of knowledge regarding our future with self-driving vehi-
cles. Future work includes refining the experiment based on this beta test, increasing the 
size and diversity of the sample, and estimating travel demand models in order to quantify 
changes in utility under self-driving car scenarios.



1684	 Transportation (2018) 45:1671–1685

1 3

Acknowledgements  We thank Yoram Shiftan and Kostas Goulias for earlier discussions regarding the 
experimental design.

Author’s contribution  MH: Literature review, Data collection, Data analysis, Manuscript writing and edit-
ing. YX: Data collection. GC: Literature review, Manuscript writing and editing. PM: Literature review, 
Manuscript writing and editing. JW: Literature review, Data analysis, Manuscript writing and editing.

References

Bansal, P., Kockelman, K.M.: Are we ready to embrace connected and self-driving vehicles? A case study 
of Texans. Transportation 44, 1–35 (2016)

Biersted, J., Gooze, A., Gray, C., Peterman, J., Raykin, L., Walters, J.: Effects of Next-Generation Vehicles 
on Travel Demand & Highway Capacity. Fehr & Peers Think Initiative, San Diego (2014)

Childress, S., Brice, N., Billy, C., Stefan, C.: Using an activity-based model to explore possible impacts of 
automated vehicles. Transp. Res. Rec. 2493, 99–106 (2015)

Cyganski, R., Fraedrich, E., Lenz, B.: Travel-time valuation for automated driving: a use-case-driven study. 
Annu. Meet. Transp. Res. Board 15, 11–15 (2015)

Daziano, R., Leard, B., Sarrias, M.: Are consumers willing to pay to let cars drive for them? analyzing 
response to autonomous vehicles. Transp. Res. Part C 78, 150–164 (2017)

Fagnant, D., Kockelman, K.: The travel and environmental implications of shared autonomous vehicles, 
using agent-based model scenarios. Transp. Res. Part C 40, 1–13 (2014)

Felix, B., Kay, A.: Predicting the use of automated vehicles (First results from the pilot survey). In: Swiss 
Transport Research Conference (2017, May)

Gertler, P.J., Martinez, S., Premand, P., Vermeersch, C.M., Warlings, L.B.: Impact Evaluation in Practice, 
Second edn, pp. 54–55. World Bank Group, Washington, DC (2011)

Jamson, A.H., Carsten, O.M., Lai, F.C., Merat, N.: February). Behavioural changes in drivers experiencing 
highly-automated vehicle control in varying traffic conditions. Transp. Res. Part C Emerg. Technol. 30, 
116–125 (2013)

Kolarova, V., Steck, F., Cyganski, R., Trommer, S.: Estimation of the value of time for autonomous driving 
using revealed and stated preference methods. Transp. Res. Rec. J. Transp. Res. Board 130, 872 (2018)

Lavieri, P., Garikapati, V., Bhat, C., Pendyala, R., Astroza, S., Dias, F.: Modeling individual preferences for 
ownership and sharing of autonomous vehicle technologies transportation research record. J. Transp. 
Res. Board 2665, 1–10 (2017)

Malokin, A., Circella, G., Mokhtarian, P.L.: How do activities conducted while commuting influence mode 
choice? testing transit-advantage and autonomous-vehicle scenarios. In: Paper Presented at the 94th 
TRB-Transportation Research Board Meeting, Washington D.C., USA (2015, January)

Milakis, D., Snelder, M., van Arem, B., van Wee, B., Correia, G.: Development of Automated Vehicles in 
the Netherlands: Scenarios for 2030 and 2050. Delft University of Technology, Delft (2015)

Schoettle, B., Sivak, M.: Public opinion about self-driving vehicles in China, India, Japan, the U.S., the 
U.K., and Australia (Report No. UMTRI-2014-30). The University of Michigan Transportation 
Research Institute, Ann Arbor (2014, October)

Schoettle, B., Sivak, M.: Potential Impact of Self-Driving Vehicles on Household Vehicle Demand and 
Usage. The University of Michigan Transportation Research Institute, Ann Arbor (2015)

Urban Mobility System Upgrade: How Shared Self-Driving Cars Could Change City Traffic. International 
Transport Forum, Leipzig (2015)

Walters, J., Calthorpe, P.: Autonomous vehicles: hype and potential. URBANLAND Magazine (2017, 
March). https​://urban​land.uli.org/indus​try-secto​rs/infra​struc​ture-trans​it/auton​omous​-vehic​les-hype-
poten​tial/

Zmud, J., Ipek, S.: Towards an understanding of the travel behavior impact of autonomous vehicles. Transp. 
Res. Proc. 25, 2500–2519 (2017)

Mustapha Harb  is a Ph.D. candidate at the University of California Berkeley. He received his Bachelor’s 
degree in Civil and Environmental Engineering from the American University of Beirut with high honors 
and his Master’s Degree from UC Berkeley. His main research interest is travel behavior modeling, with a 
focus on understanding the implications of autonomous vehicles on human travel behavior.

https://urbanland.uli.org/industry-sectors/infrastructure-transit/autonomous-vehicles-hype-potential/
https://urbanland.uli.org/industry-sectors/infrastructure-transit/autonomous-vehicles-hype-potential/


1685Transportation (2018) 45:1671–1685	

1 3

Yu Xiao  received her B.S. (first class honors, 2009) and M.S. (2012) in Geographic Information Science 
from Wuhan University and Peking University, respectively, and PhD (2017) in Transportation Engineer-
ing from the Hong Kong University of Science and Technology. She visited at University of California, 
Berkeley as a visiting student researcher during 2015–2016. Her main research interests on travel behavior 
modeling, especially with information sharing and provision, and big traffic data analysis and travel pattern 
recognition.

Giovanni Circella  is a researcher at the Institute of Transportation Studies (ITS), and he currently shares his 
time between UC Davis and the Georgia Institute of Technology (Georgia Tech) in Atlanta, GA, where he is 
a research engineer at the School of Civil and Environmental Engineering. Dr. Circella received his Bach-
elor’s degree and Master’s in Civil Engineering/Transportation, and a Ph.D. in Infrastructure Engineering 
and Transportation Planning from Politecnico di Bari - Technical University of Bari, Italy. He also received 
a Master’s degree in Agricultural and Resource Economics from the University of California, Davis. Dr. 
Circella’s research interests and skills include travel behavior analysis, transportation planning, travel 
demand modeling, land use planning and modeling, travel survey methods, transportation sustainability, 
energy consumption, and policy analysis.

Patricia L. Mokhtarian  is a professor at Georgia Institute of Technology in the School of Civil & Environ-
mental Engineering. She received her Bachelor’s Degree in Mathematics from Florida State University and 
her Master’s Ph.D. degrees in Industrial Engineering/Management Sciences from Northwestern University. 
Dr. Mokhtarian has specialized in the study of travel behavior.

Professor Joan L. Walker  joined UC Berkeley in 2008 as faculty in the Department of Civil and Environ-
mental Engineering and a member of the interdisciplinary Global Metropolitan Studies (GMS) initiative. 
She received her Bachelor’s degree in Civil Engineering from UC Berkeley and her Master’s and Ph.D. 
degrees in Civil and Environmental Engineering from MIT. Her research focus is behavioral modeling, with 
an expertise in discrete choice analysis and travel behavior.

Affiliations

Mustapha Harb1   · Yu Xiao2 · Giovanni Circella3 · Patricia L. Mokhtarian4 · 
Joan L. Walker5

	 Yu Xiao 
	 yxiaoac@connect.ust.hk

	 Giovanni Circella 
	 gcircella@ucdavis.edu

	 Patricia L. Mokhtarian 
	 patmokh@gatech.edu

	 Joan L. Walker 
	 joanwalker@berkeley.edu

1	 Department of Civil and Environmental Engineering, University of California at Berkeley, 116 
McLaughlin Hall, Berkeley, CA 94720‑1720, USA

2	 Department of Civil and Environmental Engineering, Hong Kong University of Science 
and Technology, Clear Water Bay, Hong Kong

3	 Institute of Transportation Studies, University of California, Davis, 1715 Tilia Street, Davis, 
CA 95616, USA

4	 School of Civil and Environmental Engineering, Georgia Institute of Technology, 790 Atlantic 
Drive, Atlanta, GA 30332‑0355, USA

5	 Department of Civil and Environmental Engineering, University of California at Berkeley, 111 
McLaughlin Hall, Berkeley, CA 94720‑1720, USA

http://orcid.org/0000-0002-5469-1770

	Projecting travelers into a world of self-driving vehicles: estimating travel behavior implications via a naturalistic experiment
	Abstract
	Introduction
	Literature review
	Experimental design
	Subject recruitment and on boarding
	Chauffeur recruitment and on boarding
	Data collection: tracking
	Data collection: surveys

	Results
	Subject socio-demographics
	Impacts on travel behavior
	Reflections on the experiment itself

	Conclusion
	Acknowledgements 
	References




